RELATION OF DIET TO

HEALTH AND DISEASE. 677

THE BRITISR
[ MEpiCAL JOURNAG

APRIL 12, 1930|

A FKecture
) ON
THE RELATION OF DIET TO
AND DISEASE.
RECENT INTESTIGATIONS.*

EDWARD MELLANBY, M.A., M.D.Csmsn.,
FR.CP, FRS,
PROFESSOR OF PHARMACOLOGY, UNTVERSITY OF SHEFFIELD.

HEALTH

SOME

Tuere is but little doubt that some of the most important
contributions to medicine in the last few years have come
through the study of dietetics and nutrition. Advances in
knowledge of these subjects have affected, or ought to have
affected, the health of all mankind. 1 propose, therefore,
as one whose lot it has been to be intimately connected
with investigations on this subject, to relate something of
the work that has been carried out in recent yvears. The
limited time at my disposal only allows of a cursory glance
at a few of the problems, but nevertheless 1 propose to
draw attention not only to points which, from a practical
aspect, may be regarded as settled, but also to results
which suggest that there are other pathological conditions
in which it is probable that dietetics will be found to play
a dominant part. ’

What I want to do in this lecture is to give evidence
which shows that diet, in_addition to supplying material
for growth and maintenance of the body and the necessary
energy for the performance of its work, also contains two
groups of substances—one which tends to produce patho-
logical changes and ill health, and the other which helps
the body to protect its€lf, not only against these toxic
factors, but also against other disease-producing agents
such as micro-organisms.
v1 do not propose to discuss the energy-bearing constitu-
ents of diet—namely, proteins, fats, and carbohydrates.
It is, of course, necessary that the amount of food eaten
must contain a certain minimum of energv according to
the work performed and heat lost by the individual. Tt is
also true that these energyv-bearing substances must include
a minimum of biologically available protein hoth for growth
and for maintenance. These are truisms which will always
hold, whatever revolutionary discoverics may he made in
the future in dietetics.

The history of the relation of food to disease was initi-
ated by two discoverics. One was the work of Eijkman,
who proved in 1887' that beri-beri was due to the absence
from the diet of a substance found in manv foods, but
especially in the germ of cereals, and known later as the
anti-beri-beri, or the antineuritic, vitamin, usually described
at the present time as vitamin B,. The other was the dis-
covery of Holst and Frélich in 18072 that fresh foods,
especially fruits and vegetables, contained a substance in
whose absence from the diet the disease known as scurvy
developed. This substance is now known as the anti-
scorbutic vitamin, or vitamin C. Both these discoveries—
the one which led to the cstablishment of the etiology of
beri-beri, and the other to the etiology of scurvv—have
been of great practical significance in themselves; but, for
the moment, what 1 wish to emphasize is that they led to
a new angle of thought—namely, that dietetic constituents,
present maybe in infinitesimal amounts, are essential to
the maintenance of health. Indeed, they led to investiga-
tions which ultimately made it clear that manv of the
commoner diseases of civilized man had a dietetic factor
as a basis.

Neither beri-beri nor scurvy is a- disease which is com-
monly found in Africa or Eurone. Both are diseases asso-
ciated with types of restricted diets uncommon in these
continents—the one depending upon the comsumption of an
unbalanced diet of manufactured cereals treated in such a
way as to lose the germ and the pericarp of the grain, and
the other upon the absence of fresh food, especially of
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fresh fruit and vegetables. T have, it is true, seem a
certain amount of scurvy since coming to Africa, especially
in the natives associated with the gold-mining industry,
but these cases were few in number, and T think that the
medical officers in charge have the disease under control.

As regards heri-beri, T do not think there is much
danger of this becoming a practical problem of any magni-
tude in Africa so long as the staple diet of the mnatives
is whole unprepared maize, although, as I shall explain
later, it secms to me likely that this form of dietary may
lead to ill health because of certain toxic actions of cereals
whose effects can he, and probably often are, prevented
hy other food constituents.

In order to supply evidence that foods commonly eaten
hy mankind include both protective and harmful elements,
1 propose to refer to three practical problems: (1) the con-
dition of the bones and teeth—the susceptibility of the
former to rickets and the latter to caries; (2) degenerative
changes in the central nervous system; (3) the liability of
human beings to infection of the lungs, ears, nasal sinuses,
genito-urinary tract, ete. Speaking as an investigator, it
is probably superfluous for me to say that the results I shall
describe, even when T relate them to disease in human
beings, are the outcome of animal experiments. Only by
means of such cxperiments is it possible to track down
step by step and ultimately isolate the agent responsible
for the phenomenon under investigation. When the results
of animal experimentation become clear, it is then possible
to test the beneficial effects as deduced on human beings.

Diereric Facrors REsPONSIBLE rorR 'WELL CALCIFIED AND
DrerrerivELY Cancririep Bones anp TEerH.

Work of the last twelve years has cleared up to a sur-
prising degree the factors responsible for well and badly
calcified bones and teeth. It may bhe well to observe,
however, that, although the practical problem is so far
advanced that there is now no excuse for the appearance of
rickets or dental hypoplasia in any normal child, there is
practically no knowledge as to the intimate mode of action
of the specific dietary constituents on the bones and teeth.

By £ar the most important factor producing well calcified
bones and teeth is vitamin D. It seems not unreasonable
to say that, no matter what the constituents of the diet—
assuming, of course, that they are natural foeds—a suffi-
ciency . of vitamin D_will ensure perfeci calcification of
bones and teeth. Of course, since these tissues are largely
made up of caleium phosphate, it is necessary that therc
should_be-some calcium and phosphorus in the food, but
the * amount can be surprisingly low and yet, with an
abundance of vitamin D, they will be retained in the body
and incorporated in the tissues. On the other hand, if
the vitamin D intake is very deficient and the body is not
exposed to sunlight, however much calcium and phosphorus
there is in the diet, defectively calcified teeth and bones
will result. There are occasions, however, when the in-
flucnce of the caleium and phospliorus intake is of greater
importance—for instance, when the vitamin D intake is
moderate but insufficient in amount. The hest example
of this is scen when the main dietetic constituent carrying
vitamin D is butter, a food containing an irregular but
usually comparatively small amount of the vitamin. In
this circumstance the addition of calcium salts, either as
carbonate or phosphate, results in great improvement of
bones and teeth. It would be expected from this statement
that the caleifying properties of whole milk would be
greater than those of the butter which can be prepared
from it. This is certainly the case, partly becaunse a little
of the vitamin D is left behind in the separated milk and
also because most of the calcium of the milk remains after
the separation of the butter.

The velation of vitamin D and calcium and phosphorus
intake on calcification can be hriefly summarized as follows:
(1) When the vitamin D intake is high and:the calcium
and phosphorus intake low, perfect calcification of bones
and teeth will ensue. (2) When the vitamin D intake is
moderate, increasing the caleium and phosphorus intake
will improve the caleification of hones and teeth. (3) When
the vitamin D intake is very low, however high the calcium
and phosphorus intake, imperfect calcification of hones and
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teeth will result, although not as imperfect as would have
becn the case had the calcium intake heen low.

So far only those food factors aiding calcification have
been mentioned. One group of foods, however, is out-
standing bceause it interferes with the deposition of calci-

The teeth were firss examined for caries, and were then
ground down to thin slices and their minute structure
determined by microscopic examination.

It will be seen from this table (1) that both caries and
defective structure are very common, (2) that the least

fying salts in bones and teeth. Those foods are the cereals.¥ defective in structure (the incisors) are the least carious,

Theré is a wide difference between cereals in this respect.
Tor instance, so far as animal experiments are concerned,
oatmeal is the worst of all examined, and white flour
interferes least with the caleifying process. Intérmediate
between these are maize, rye, barley, and rice. The embryo
or_germ- of wheat and maize;and-probably of other grains,
has this baneful effect more developed than the endosperm.
The germ of rye has vitamin D' (in small quantities) as well
as the substance interfering with' calcification, and these
actions -can be separated owing to the solubility of
vitamin D in alcohol. In spite of great endeavour, it has
so far proved impossible to obtain information as to the
chemical nature of the substance responsible for this effect
of cereals. It is not associated with the carbohydrate nor
with the fat.
bound up with a protein, but this is by no means certain.
As regards this anticalcifying effect of cereals there is one
point I should wish to emphasize, because I believe it is of
local interest in Kenya. Much has been said in recent years
as to the significance of the mineral content of the diet,
and various discases of cattle have Leen ascribed to dcfi-
ciencies of these, especially of calcium, phosphorus, and
iodine. Now I have stated that of all cereals and cereal
products tested,. oatmeal and grain_embryo intesfese incst
strongly with the deposition of calcium and phosphorus in
bones and teeth. It is _at_the same time well known.that
these grain products are far richer in calecium and phosphorus
than such a substance, for instance, as white flour. Thus
wo have foods which, while they contain a more abundant
supply of Ca and P, may in the absence of sufficient
vitamin D result in a smaller retention of these elements
in the growing bones and tceth. In other words, a grcater
deficiency of caleium and phosphorus in the body can be
brought about by diets which actually contain-mere of
these substances, so that an analysis of mineral intake may
be quite misleading as to the efficacy of a diet in adequately
supplying these substances to the tissues.

It may be well to emphasize, however, that the calcifying
cffect of vitamin D, whether it forms part of the diet or
whether it is supplied to the body as the result of the
activation by sunlight of ergosterol in the skin, will always,
if present in sufficient quantity, antagonize the anti-
calcifying effect of cereals. Thus, although the diet of
the native is largely composed of miaize, so lang as his skin
is unprotected from the sun’s rays his bomes and tecth
will remain well calcified. If, in the course of his civiliza-
tion, he adopts Kuropean habits of clothing, especially in
childhood, then his bones and teeth may he as badly
calcified as arc those of the average European. On the
other hand, when Europeans provide abundant vitamin D
in the diets of their children, just so seon will their teeth
and bones approximate in structure to those of the native
as found at present.

Caries of the Teeth and Diet.

European teeth arc generally badly caleified, and it would
seem likely that this defective calcification is in some way
related to caries. When teeth are well calcified, as in the
average African native, they are white and shiny, and
evenly arranged in powerful well-grown jaws. In the
European only too often are the teeth discoloured, rough,
and unevenly arvanged. The following table gives an idea
of the general relationship between the structure of teeth
and susceptibility to caries in the case of Inglish children.

The Rclation of Structure to Carics in 1,036 Dceiduous Teeth
of English Children.

Teeth. Defective in Carious.
Structure.
Incisors 14.4 per cent, ...... 20.8 per cent.
Canines 4.5 3 eeeens 46.2 '
First molars 731, . 81.9 ’
Second molars 91.9 5 eeeens 87.1

There is a possibility that it is in some way.

/

U

/

while the most defective in structure (the molars) are the
most carious.

As a matter of fact, these investigations made by May
Mellanby showed that, although on the whole there was a
close ‘relationship between the structure of the teeth and
caries, _this was not ‘absolute, for there were about 10 per
cent.’ exceptions.*  Thus some tceth were imperfect in
structure and yet free from caries, while others were good
in structure and yet carious. The probable explanation
of this was again brought to light by animal experiment.
It is well known to all that teeth wear down as the result
of attrition according to the degree of hardness of the food
caten. In response to attrition the teeth normally react
by producing a layer of secondary dentine adjacent to the
dental pulp. By this means the pulp is protected  from
direct exposure to the food. It was found in dogs that
the type and amount of secondary dentine produced as the
result of artificial attrition depended on the type of food
caten at the time. Thus a diet of high calcifying qualities
resulted in abundant well-formed secondary dentine, while
a diet of poor calcifying qualities—that is, one with
deficient vitamin D and much cereal—produced either no
sccondary dentine or a poorly calcified type of this tissue.
Now human teeth when attacked by caries also respond by
producing secondary dentine, which may be abundant and
well formed or deficient and badly formed. When the
exceptions in the children’s teeth were examined from the
point of view of secondary dentine it was usually found
that badly formed teeth (primary dentine and enamel)
when free from caries had well-formed secondary dentine,
while well-formed teeth ‘with caries usually had badly
formed secondary dentine. Thus it would appear that,
not only is the original formation of the teeth imiportant
as regards incidence of caries, but that, after full eruption
and formation, teeth alter in their resistance to a bacterial
onslaught according to the diet eaten. Thus a child may
have a pbor diet resulting in badly formed teeth, but at a
later stage the calcifying qualities may improve and so
increase the resistance of the teeth to caries. Similarly,
well-formed teeth may lose their resistance when the diet
becomes defective, and so become more susceptible to
caries. The final proof that this actually occurred in
children was also demonstrated by May Mellanby and
C. L. Pattison, who showed that even badly formed teeth
attacked by caries could increase their resistance to such an
extent that the carious process was delayed or even arrested
if these children were given diets very rich in vitamin D
(irradiated ergosterol).* This addition was made to the
food of one batch.of children, while another similar batch
received the same food without the additional vitamin.
The children receiving extra vitamin D not only showed
great resistance to caries in the sound teeth as compared
with the control children, but in many cases the active
caries was actually arrested. (Sections of tecth showing
arrest of caries produced by vitamin D were shown by

gntern slides.)

V‘To sum up: Well calcified teeth can be produced by
he ingestion of sufficient vitamin D during the formation
of the teeth. (2) Well calcified teeth are less susceptible
and badly calcified teeth are more susceptible to caries.
(3) Independently of their original structure, the inclusion
of sufficient vitamin D raises the resistance of tecth to
caries and may even arrest the carious processes, whereas
diets deficient in this substance, especially if they contain
much cereal, allow a lowered resistance to caries and a
more rapid development of this condition.

Foop aND THE CENTRAL NERVOUS SYSTFM.

It has long been known that diet has a special relation
to the peripheral nerves, and, in particular, that the anti-
neuritic-vitamin or vitamin B, is implicated in this respect,
I do not, however, wish to speak on this point, but to
describe some results we have obtained in Shefficld which
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seem to show that diet has important effects on the central
nervous system in quite another way. Some of these
results are too recent to allow any definite deduction as
to their practical or clinical significance, but they seem. to
me to be sufficiently suggestive to warrant description here.
In investigating the action of cereals on the formation &
of bones (experiments referred to above) we weve impressed

by the fact that some of the dogs developed severe inco-
ordination of movement, often associated with and followed

by weakness of the hind legs.’ When the néfvous system
of these animals was examined histologically by Marchi’s
method a scattered degeneration of the cord was often
found, of such a nature that it suggested a subacute com-
bined degeneration. On attempting to track down the
conditions associated withthis— nerative change in the
nervous system we found (1) that it most often_occurs in
animals receiving much cereal, and especially in those
whose diet includes the gérm or emhryo_af grains; (2) that
it is only found In animals receiving a diet deficient in
fat-soluble vitamins.

In order to come more closely to grips with the problem,
recourse was made to the use of ergot in the diet. The
fact that ergot of rye produces degenerative changes in_the
cord has long been knowi; for these changes have been
described in human beings affected by nervous ergotism—
a condition which is very fatal and appears in epidemic
form occasionally in European countries where rye is the
main type of cereal eaten. Many attempts have been made
by previous investigators to produce nervous -ergotism in
animals, but the success obtained has been very irregular in
all types of animals, and nobody has understood why such
disagreement in general results should have occurred.
Incidentally, the curious distribution of nervous ergotism
in epidemic form has never been understood. On the whole,
it attacks the peerer-- i -of . famine, but. it
picks out, apparently .without any discrimination, some
members of a family and leaves others untouched. We
soon suspected the apparent reason for this, for degenecra-
tive changes in the cord do not depend only on the presence
of ergot in the diet, but also on the absence of a protective
agent of the nature of a fat-soluble vitamin, probably
witamin A or a closely associated vitamin. The protective
agent \mg,natg»vitami—n—]),mfar_ex:got,itself was found‘to
contain vitamin D. If, however, cabbage, which contains
little or no vitamin D, or mammalian liver oil (rich in A |
hut poor in D) was added to the diet, then-erget-left-the-
cord untouched, Other substances-containimg vitamin A, such
a¥egg volk, butter, or cod-liver oil, also prevent nervous
ergotism in dogs. . Vitamin D in the form of irradiated
ergosterol will not in itself prevent the pathological con-
dition. These results probably afford the explanation of
the arbitrary way in which nervous ergotism develops in
human beings. 1t develops in times of famine and dis-
tress because not only is the rve ergotized but poverty
prevents the consumption of such protective substances as
milk, eges, and green vegetables. 1f, however, any individual
has a good supply of vitamin A in the liver and other
organs, the nervous changes will not be produced until
these reserves are used up. It seems probable, therefore,
that ergotism of the nervous system can he prevented in
human beings by the inclusion in the diet ‘of sufficient
sources of vitamin A.

Having found that the degenerative changes in the cord
in experimental ergotism were dependent on the absence of
a protective dietetic factor, attention was again directed
to the action of grain embryo and other cercals. Tt was
found possible to produce the pathological condition by
rye germ unaffected by the Clarviceps purpurea. That is
to say, that the nerve toxin in ergotized rye germ is present
merely in exaggerated amounts as compared with normal
rye germ. It has not proved possible, however, to obtain
without fail the nerve degeneration by mecans of pure
grain products in all dogs. Some litters have remained
without obvious degenerative changes of the cord even when
diet has included much wheat embryo and the vitamin A
intake has been small. The negative results seem to depend
on the litter of puppies and not on the specimens of wheat
germ tested. What the explanation of this rvesistance in
families is has not been ascertained. Tt may be that in

<

some cases the maternal diet has been so good as to give
the resistant litters a larger reserve of the protective sub-
stance (vitamin A) in their livers. Only further work
will clear up this problem.

It may be said that, so far as the experiments can be
L-interpreted, most cereals examined contain this toxic sub-
stance, even white flour, but there is much more in the
enthryo of the wheat, a fraction of the grain separated
off in the manufacture of white flour. Oatmeal has also
heen found to contain this nerve ** toxamin’ (1 have
introduced the word *‘ toxamin’’ to describe substances
of unknown composition which have harmful effects in
the body and which can be antagonized by specific vitamins.
See also the anticalcifying toxamin referred to above,
which can be antagonized by vitamin D.)

The question now arises, What is the clinical significance
of these facts? So far as nervous ergotism in man is
concerned the importance of the results described above
1s obvious. The three other conditions best recognized
in which subacute combined degeneration of the cord
arises are: (a) lathyrism, (b) pellagra, (¢) pernicious
anaemia.

(a) Lathyrism.—As regards lathyrism, I have had no
experimental or clinical experience of the condition. It
is a nervous disease often found on a large scale in the
North-Western Provinces of India, and is apparently due
to a diet containing a large proportion of lathyrus peas.
Experiments have heen carried out on animals by wany
people, including Acton,® Anderson, Howard, and Simonsen,®
and Stockman,” but there is considerable discrepancy in
the results obtained. It scems to me, on the analogy with
the experiments quoted above on ergotism, that.this dis-
crepancy -is probably due, in part at least, to the same
cause as that responsible for the frregularity of the earlier
animal experiments on nervous ergotism—namely, that
the nerve degenerative changes are dependent on a toxic
substance in the lathyrus peas, but that the condition is
prevented if there is a sufficiency of a * protective ”’
substance in the other part of the diet. It may be the
same protective substance as in nervous ergotism—namely,
vitangin A—but this is only surmise at the present time.
The whole picture of lathyrism, so far as T understand it,
suggests, indeed, that the toxic agent of the lathyrus
pea is of a similar nature to that of ergot nerve toxin:
-but this again is supposition. It is true that Stockman
produced lathyrism in a monkey when the diet included
‘“ one ounce of fresh cabbage or a little fruit” daily, but
fruit would be of no value as a protective agent on the
hypothesis suggested, and the amount of cabbage was not
only small but there is no statement as to how often
this was given in the food and how often the fruit. The
disease of lathyrism needs further investigation from this
new angle.

(b) Pellugra.—TIt has been assumed that the later in-
vestigations of Goldberger® on pellagra have cleared up
completely the etiology of this disease. There is, indeed,
mo question but that, so far as the skin lesions are con-
cerned, Goldberger’s work has definitely shown the im-
portance of the pellagra-preventing factor now usually
lknown as vitamin B,. It is impossible, however, to con-
sider the nerve degenerations in the cord of pellagrins
together with the results above discussed on the effect
of cereal and cereal products on the nervous system without
wondering whether in pellagra also the degeneration of
the cord is not associated with a ‘‘ toxamin.”” The almost
constant association of a maize diet with pellagra increases
this probability. Ts vitamin B,, or the pellagra-preventing
factor, the same substance as the protective substance
against nervous ergotism and the cord degeneration pro-
duced by cereals in the experiments described above?
Sources of the pellagra-preventing factor in Goldberger’s
investigations included milk, meat, and yeast. So far as
milk and meat fat .are concerned these are also sources
of vitamin A, which I have shown is a protective sub-
stance against nervous ergotism. The one real discrepancy
between Goldberger’s results on pellagra and mine on
nervous ergotism is that according to him yeast cures
pellagra whereas it does not, in my work, prevent
nervous ergotism. Yeast does not contain any vitamin A.
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There has been no suggestion up to the present that there
is a positive pellagra-producing factor in maize responsible
for the cord degeneration, but the results under discussion
suggest that pellagra is possibly due to a positive harmful
factor in certain cereals, including maize, and that this
factor ‘is-in normal people prevented from having ‘its
baneful influence by a protective agent of the nature
of a vitamin or possibly vitamins, including B, and A.
I have been unable to obtain degenerative changes in the
cord by yellow maize. This may. be due to the fact that
it, contains vitamin A, or rather carotine, which acts
in the same way as vitamin A.

(¢) Cord Degeneration in Pernicious Anaemia.—The close
relationship of the cord degeneration found in pernicious
anaemia and the changes produced by ceveals in dogs in
the absence of vitamin A suggests -a_sumilarity in_etiology.
There 1s a further coincidence which is in line with this
paint of view, Pernicious anaemia is brought undex..contvol
b?ﬁl_\ﬁ:_’ard water-soluble extracts of liver. The nerve-
degémeration of ergotism and that produced by wheat germ
or embryo can be prevented or, if developed, the condition
greatly improved by the fat-soluble portion of liver. In ¢
my experience the blood changes in pernicious anaemia
cannot be cured by the fat-soluble portion of liver. On the
other hand, it has been recently claimed by Ungley and
Suzman'® that the nerve symptoms of pernicious anaemia
can be greatly improved by feeding whole liver. If so,
it seems probable that it is the fat-soluble portion which
exerts this cffect on the cord. It is possible that hoth the
blood changes and the cord degeneration in pernicious
anaemia are due to failure on the part of the liver, the
blood condition being due to tho exhaustion of some
specific water-soluble substanco and the cord changes to
a deficiency of a specific fat-soluble substance, maybhe
vitamin A as discussed above. Only further work will
show whether pernicious anaemia has a positive dietetic
causatior simitat to that found in cereals which produces -
nerve degeneration. It is interesting, however, to speculate,
on the basis of the results deseribed above, as to what
extent these experimental methods of producing and pre-
venting pathological changes in the cord by dietetic means
will prove to be of practical value in aiding the solution of
problems of disease commonly found in man,

THE PREVENTION AND CURE OF SoME INFECTIVE
CoxpITIONS,

I wish now to pass on to another aspect of this suhject of
dict and discase. So far I have dealt with the production
of pathological changes in various organs by substances
actually present in food and the prevention of these changes
by other ‘protective” food elements. I shall now deal
with pathological conditions produced by the invasion
of the body by certain micro-organisms and a mecthod of
preventing this invasion by specific dietetic means. This
subject, again, is too new to allow any great claims to be
made as to the extent of its possible application, but the
results obtained seem to me to be sufficiently definite to
warrant the belief that ultimately it will prove to be of
great importance as a means of raising the resistance of
the body to pathogenic micro-organisms and of gaining an
insight into the subject of immunity.

Everybody who has been interested in the experimental
side of dictetics and nutrition must have been struck by
the susceptibility of animals to infection when eating
defective diets. I called attention to this fact’so long ago
as 1919.° At a later stage I became more interested in the
subject as the result of an experience in the laboratory
in which a large number of experimental dogs died of
broncho-pneumonia.’® At the time my interest was par-
ticularly centred round hone calcification, hut the incidence
of the disease showed that the lung infection and the
condition of the bones were independent, although both
were related to fat-soluble factors. In other words, the
susceptibility to lung infections did not depend on the
absence of vitamin D, but probably on the absence of
vitamin A, These results were published in 1926.1°

More recently we have shown that young rats fed on v

a dict which, so far as is known, is complete except for
vitamin A, die in the course of six to fifteen weeks, and

on post-mortem examination are found to have developed
one or more abscesses in different parts of the body. The
relation of vitamin A deficiency to xerophthalmia has
been known for many years, but our animals developed
many other septic conditions, sometimes without any
xerophthalmia. The more common seats of infection in-
cluded the base of the tongue, the nasal sinuses, the middle
car, the lungs, the kidneys and bladder, the alimentary
tract, and many other places. It was shown so long ago
as 1922'' by Mori that a peculiar effcct of vitamin A
deficiency is to produce various forms of hyperplasia of
epithelium, and it is at these seats of hyperplastic change
that the infective condition develops. More detailed
facts of the relation of vitamin A to infection in rats
and the history of the subject can be read in a paper
published by H. N. Green and myself in the British Medical
Journal in 1928.'> It may be said that if sufficient
vitamin A is given to these animals after having de-
veloped the infective condition recovery is often brought
about. On the other hand, the inclusion of this vitamin
in the diet prevents the development of the pathological
state.

We were so impressed by the results of the animal
experiments that Green and I determined to see whether
vitamin A played any part in the resistance of the human
Lody to infection.” Tt seemed at first sight that this
would probably be the case, because not only are the lesions
produced in rats very common in people in England—for
example, septic nasal sinuses, middle-ear disease, genito-
urinary infections, and pneumonic conditions—but the diet
in this country is largely cereal and notoriously deficient
in vitamin A. The difficulty was to find a disease due to
bacterial invasion the investigation of which would yield
results, definitely positive of negative, in a reasonable
time. Most common infective conditions recover in any
case, and in pneumenia the results are variable whatever
the treatment. We decided to study the action of
vitamin A in puerperal septicaemia, a disease in-which
the mortality rate is normally so high that a .rapid
decision could he made as to the efficacy of the treatment.
As a control series of cases we took those patients whe
had entered the institution where the investigation was
carried out, in the two vears prior to the new treatment.
In these two years 22 patients had been admitted
from whose blood a growth of haemolytic streptococci
had been obtained. Of these 22 patients 20 died, giving
a mortality rate of 91 per cent. From the heginning we
have treated with vitamin A 9 similar cases, and of these
8 have made complete recoveries. There have also been
two other septicaemic patients, one with an infection of
Bacillus coli, who recovered, and the other with a staphylo-
coccic infection, who died. Thus, of the total 11 cases,
2 have died, giving a mortality rate of 18 per cent., as
compared with the mortality rate of 91 per cent. in the
control group. The results can be readily seen in the
following table.

Control Group of Cases. | Vitamin A Treated Cases.
Type of Rlood -
Infection. : i s
! No. | Deaths. Mf:::glty No. | Deaths. | I\I({,li:lélty
| . late.
Haemolytic Strepto-| 22 20 9 1
cocei -
Pa<illus coli ... 0 0 - - 1 0
Stapliylocoecus . 0 0 1 1
Total . ! 22 | 20 @% |u| 2 | %

It is true that the number of cases treated with large
doses of vitamin A is not sufficiently great to allow the
definite claim that this substance 1s a specific remedy
for puerperal septicaemia. Nor were the cases of the
intense fulminating type sometimes met with in this
condition. On the other hand, we think there is strong
evidence, especially taken in conjunction with the animal
results, that vitamin A has a definite effect in raising
the resistance of the body, both human and animal, to
bacterial agencies, and that, in its absence from or
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deficiency in the body, the resistance to infection of this | their true clinical significance, and partly be(ause there

type is greatly diminished. It is obviously necessary. that
this work!® should be repeated on a larger scale and
extended to the treatment of other infective conditions,
for its practical importance, if established, cannot be
exaggerated.

What value these results, if established, may have to
medical wen in Africa is f01 you to determine. Thev may
point to a method of 1edu(1ng the high mortality rate in
pneumonia among the natives as well as among Kuropeans.
If it does act curatively in this condition, the probability
is greater that the inclusion in the normal diet of sufficient
quantities of vitamin A will prevent the disease as well
as other infections of a similar bacterial nature. Rich
sources of vitamin A are egg yolk, mammalian liyer, eod-
liver oil, and there is.some in carrots, green vegetables,
milk, buttel and suet. It may be well to add that
vitamin A is a very unstable substance and is apt to
disappear rapidly, especially in high concentrations.

I have endeavoured to supply you with evidence, hoth
experimental and clinical, which shows how important is
this subject of the relation of diet to disease. In par-
ticular, T have tried to demonstrate that food includes
both harmful and protective constituents. In so far as
the harmful substances mentioned are in the food itself,
it appears that they can be neutralized in their action by
the protective agencies. The protective agencies are of
the nature of vitamins, and the two I have spou:\lly dealt
with are vitamins A and D. The harmful factors are
mostly associated with cereals and cereal products so far
as present knowledge goes.

I wish especially to emphasize that this subjecl is only
in its infancy, and that many of the facts I have dealt
with here have still to be investigated more -closely,
partly because it is impossible as yet to decide what is

is no knowledge of the methods b\ which these substances
exert their eﬁe(t So far as you in Kenya are concerned,
it seems to me that these dictetic problems, especml]v
those concerning the toxic action of cereals, may have
special signiﬁcance, for I cannot helieve that your native
population with its high cereal diet completely escapes
those effects. Tt is true that the sunshine to which the
African native exposes himself must tend to neutralize the
anticalcifying effect of maize by supplving vitamin D, but I
shonld expect the native who wears European clothing,
especially in childhood, and remains on his maize diet to
suffer accordingly. Similarly it seems to me probable that
~a deficiency of vitamin A might be present in many
native diets, especially in the towns, and that patholofnml
results uould follow. I shall be interested to hear of any
investigations which may be made in the future to see
whether these hypotheses have a bearing on any of the
problems of disease in Africa.
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Ir is only recently that the subject of coronary occlusion
has attracted the attention of clinicians in this country.
Until a few vears ago it had generally been regarded as
of puvely pathological interest, as one of the possible
causes of sudden death; but we now know that many of
these patients survive, and that the symptom complex
is often so clearly defined that the diagnosis during life
presents no difficulty.

INCTDENCE.

The condition is by no means rare. During the past
two years 1 have seen 23 cases in private practice. This
a(—ues* though small, will, T think, suffice to illustrate
most of the “linical features to which I wish to refer.
I shall also include one other case (Case i) which presents
certain points of special intérest. Both the sex and the
age incidence in my series agrec fairly closely with that
reported by other workers.

The preponderance of males over females suggests that
mental and physical strain may be important etxologloal

factors. The age incidence coincides with that of the
degencrative ])ouod of life, and this is what might he
e\pe(tcd since neither &\plnhs nor rheumatic infeetion

appears to play any significant part in the etiology. It i<
curious that svphlhs is nmot a more common cause of
coronary occlusion, since the first part of the aorta is so
frequently involved.

*This series is one of several groups of cardiac cases the aflor-histori.es
of which are bcing followed up on behalf of the Medical Researcli Council.

TasLe I.—Age and Scx Incidence.

: g |Parkinson and
. Bramwell. Levine. Bedford.4
. Age.
Over70 .. .. .. . 3 14 10
50-69 17 99 68
Under50 ... .. 4 22 22
Sex.
Male... .. 18 11 93
Female ... 6 4 7
Total ... B 21 145 10

Crintcar, FraTURES. .
Let me hegin by recounting the clinical findings in two
typical cases. -

Casg 1.

A man, aged 53, who had always lived an cxceptionally healthy
and abstemious outdoor life, after a hurried lunch went out to
pla¥ golf. When walking downhill to the sixth green he experienced
a sense of fullness and discomfort in the chest. At the next hole,
which was an uphill slope,-his discomfort increased, and he had
to give up and walk home. The pain spread down the left arm to
the little finger, and coniinued to increase in severity in spite of
his going to bed. His doctor saw him at 4 p.m. and gave amyl and
ethyl nitrite and a quarier of a grain of morphiue This, however,

failed to bring any appreciable relief. The pain persisted. Duung
the night it bogan to involve the other arm, and it was not until
the following afternoon that it became easier and gradually
passed off.

When I saw him, ten days later, although he had had no recur-
rence of the pain since tlre day following the atlack, he still looked
ex{remely ill and careworn. He walked and behaved like an old
man, obnouslv afraid that the least exertion might precipitate
another atlack. On physical examination the heart was slightly
enlarged. The second sound was unduly resonant in the aortic area.
The retinal arteries showed atheromatous changes. The blood
pressure was raised (systolic 180, diastolic 105). The urine contained



